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SUMMARY 

by 
S.N. Vernov, S . N .  Kuznetsov, 
Yu. I .  Logachev, G.  B. Lopat ina  

E.N. Sosnovetz and 
V.G. S to lpovskiy .  

The s tudy  c a r r i e d  o u t  i n  1 9 6 4  on t i m e  v a r i a t i o n s  of e l e c t r o n s  
wi th  e n e r g i e s  E e  > 1 0 0  k e v  i n  t h e  o u t e r  r a d i a t i o n  zone shows t h a t  
v a r i a t i o n s  i n  e l e c t r o n  i n t e n s i t y  on t h e  d r i f t  s h e l l s  c l o s e  t o  t h e  
Ea r th  a r e  s y s t e m a t i c a l l y  lagging re la t ive  to v a r i a t i o n s  i n  elec- 
t r o n s  on s h e l l s  w i th  h igh  va lues  of L. This  r e t a r d a t i o n  is  due 
t o  t h e  d i f f u s i o n  of e l e c t r o n s  wi th  E e  > 1 0 0  k e v  ac ross  t h e  d r i f t  
s h e l l s .  The " r e t a r d a t i o n "  t i m e  A t  between t h e  v a r i a t i o n s  i n  elec- 
t r o n  i n t e n s i t y  on va r ious  L - s h e l l s  w a s  determined by t h e  statis-  
t i c a l  method and f o r  L = 50 and L = 40 was Q 5 2 1 days.  Up.der 
s p e c i f i c  assumptions t h i s  r e s u l t s  i n  a d r i f t  v e l o c i t y V %  0.2  
E a r t h ' s  r a d i i  p e r  day f o r  L % 4 . 4 .  I n  t h e  40  < L < 0 .5  r ange ,  
t h e  t i m e  and t h e  d r i f t  v e l o c i t y  of e l e c t r o n s  measured by means 
of d i r e c t  obse rva t ion  of t h e  s y s t e m a t i c  displacement  of t h e  lea- 
d ing  "wave" f r o n t  of electrons w i t h  E, > 1 0 0  k e v  and > 4 0 0  k e v  
c o i n c i d e  w i t h i n  error l i m i t s  with t h e  r e s u l t s  ob ta ined  by the 
c o r r e l a t i o n  method. The d i f f u s i o n  v e l o c i t y  of e l e c t r o n s  does 
n o t  depend on t h e  geomagnetic l a t i t u d e .  

* 
* * 

T i m e  v a r i a t i o n s  i n  e n e r g e t i c  e l e c t r o n  i n t e n s i t y  i n  t h e  o u t e r  
b e l t  w e r e  observed both during magnet ic  d i s t u r b a n c e s  and i n  mag- 
n e t o q u i e t  p e r i o d s  ( C K p  .\< 1 5 ) .  C e r t a i n  t r e n d s  i n  t h e  behavior  
of  e l e c t r o n  groups w i t h  d i f f e r e n t  e n e r g i e s  are r evea led  i n  [l-71. 
H o w e v e r ,  no unambiguous connection between t h e  v a r i a t i o n s  i n  t h e  
b e l t  and i n  t h e  E a r t h ' s  magnetic f i e l d  has  been a s c e r t a i n e d  as 
;et. 

EXPLORER-15" and "EXPLORER-26", McIlwain [ 81 assumed t h a t  t h e  
i n t e n s i t y  v a r i a t i o n s  of electrons w i t h  E, + 5 0 0  k e v  i n  t h e  o u t e r  
b e l t  a r e  determined by a t  l e a s t  f i v e  p rocesses .  One of  t h e s e  
p r o c e s s e s ,  namely t h e  r e v e r s i b l e  a d i a b a t i c  b e t a t r o n  a c c e l e r a t i o n  

O n  ~ 5 . s  b z s i s  of measurements c a r r i e d  out on s a t e l l i t e s  
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o r  d e c e l e r a t i o n  of p a r t i c l e s  during D, t - v a r i a t i o n s  i n  t h e  geo- 
magnetic f i e l d ,  i s  i n v e s t i g a t e d  i n  d e t a i l  i n  [ 8 ] .  The o t h e r  
f o u r  p rocesses  are nonadiaba t ic  and are e a s i l y  d i s c e r n a b l e  on 
t h e  b a s i s  of  c h a r a c t e r i s t i c  t i m e s  of a c t i o n  on e l e c t r o n s  of  t h e  
o u t e r  b e l t .  Rapid nond iaba t i c  i n c r e a s e s  and dec reases  of par -  
t i c l e  i n t e n s i t y  occur  dur ing  a t i m e  of t h e  o r d e r  of several 
hours .  The exponen t i a l  drop i n  e l e c t r o n  i n t e n s i t y  i n  t h e  
o u t e r  b e l t  has  a t i m e  cons t an t  of 1 6  2 2 days on L = 3.6-3.8. 
For t h e  f i f t h  p r o c e s s ,  namely t h e  r a d i a l  e l e c t r o n  d i f f u s i o n ,  
t h e  dependence of d r i f t  t i m e  on parameter  L i s  c h a r a c t e r i s t i c .  

A t h e o r e t i c a l  i n v e s t i g a t i o n  of p a r t i c l e  t r a n s p o r t  across 
magnet ic  s h e l l s  i s  made i n  [9-111 under t h e  assumption t h a t  
t h e  t w o  f i r s t  a d i a b a t i c  i n v a r i a n t s  are preserved .  The cause 
of t h e  t r a n s p o r t  i s  t h e  d r i f t  of  p a r t i c l e s  i n  nons t a t iona ry  
e lec t r ic  f i e l d s  g e n e r a t e d  dur ing  a s s y m e t r i c a l  geomagnetic d i s -  
t u rbances  re la t ive t o  longi tude .  The type  of  geomagnetic d i s -  
t u rbance  inducing  p a r t i c l e  t r a n s p o r t  has  n o t  been e s t a b l i s h e d  
wi th  p r e c i s i o n .  Thus, Pa rke r  [ 9 ]  shows t h a t  SC-type-magnetic 
storm d i s t u r b a n c e s  could  be t h e  cause of  t h e  d r i f t .  B.A. Tvers- 
koy [ l o ]  cons ide r s  t h a t  proton and e l e c t r o n  t r a n s f e r  i s  m o s t  
e f f e c t i v e  under t h e  ac t ion  of sudden geomagnetic f i e l d  impulses.  
I n  a l l  t h e s e  works s o l a r  wind i s  assumed t o  be t h e  source  of 
t h e  p a r t i c l e s .  The d i s t r i b u t i o n  of pro tons  i n  t h e  magnetosphere 
is w e l l  exp la ined  by t h e  d i f f u s i o n  theo ry .  However, a desc r ip -  
t i o n  of t h e  o u t e r  e l e c t r o n  b e l t  r e q u i r e s  some a d d i t i o n a l  con- 
d i t i o n s  both w i t h  r e s p e c t  t o  t h e  e l e c t r o n  source  a t  t h e  m a g -  
ne tosphe re  boundary and f o r  exp la in ing  t h e  s l o t  between t h e  
o u t e r  and t h e  i n n e r  b e l t .  From theory  1101 it fo l lows  t h a t  
t h e  dependence of p a r t i c l e  d r i f t  v e l o c i t y  on L i s  v 2, L9. 
T h i s  agrees with t h e  experiiilent b u t  t h e  expe r imen ta l ly  d e t e r -  
mined v e l o c i t y  i s  several t imes h ighe r .  Experimental  d a t a  on 
high-energy e l e c t r o n  d i f f u s i o n  i n  t h e  3 . 4  < L < 5.0 range were 
o b t a i n e d  f o r  t h e  f i r s t  t i m e  i n  1962-1963 on "EXPLORER-14" [2 ,3 ] .  
S i m i l a r  r e s u l t s  can be obta ined  f o r  e l e c t r o n s  wi th  E e  > 5 Mev 
[81. I n  t h e s e  cases obse rva t ions  of  a s h i f t  of t h e  l ead ing  

wave f r o n t  w e r e  found t o  be p o s s i b l e ,  as  dur ing  t h e  passage of  
t h e  l e a d i n g  wave f r o n t ,  t h e  i n t e n s i t y  e l e c t r o n s  on a f i x e d  L- 
s h e l l  i s  50-100 t i m e s  h i g h e r  than i n  t h e  wave's absence.  

L e t  us n o t e  t h a t  an u n d i s t o r t e d  propagat ion  p a t t e r n  of 
e l e c t r o n s '  d i f f u s i o n  w a v e  w a s  observed i n  131 only i n  cases 
when a q u i e t  pe r iod  of  2-3 weeks d u r a t i o n  fol lowed a s t r o n g  
magnet ic  d i s t u r b a n c e  i n  t h e  E a r t h ' s  magnet ic  f i e l d  ( C K p  < 1 5 ) .  
AS numerous experiments  have shown, t h e  i n t e n s i t y  of e l e c t r o n s  
w i t h  E, > 100 kev does n o t  c o r r e l a t e  w i th  t h e  Kp-index and varies 
by no more than  one order. Such i n t e n s i t y  v a r i a t i o n s  are c~ i l -  
p a r a b l e  t o  v a r i a t i o n s  due t o  t h e  e x p o n e n t i a l  decay and adiabatic 
a c c e l e r a t i o n  o r  d e c e l e r a t i o n  of e l e c t r o n s  which h i n d e r s  a d i r e c t  
o b s e r v a t i o n  of t h e  d i f f u s i o n  "waves". However, it i s  p o s s i b l e  
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t o  o b t a i n  d a t a  on p a r t i c l e  d i f f u s i o n  by making use  of t h e  
correlat ion method. A t  t h e  Same t i m e  electron i n t e n s i t y  Nk( t )  
measured on a k-th L-she l l  a t  t h e  moment of t i m e  t i s  cornpa- 
r a b l e  t o  t h e  i n t e n s i t y  N i ( t  $. A t )  ob t a ined  on the-i-th L-she l l  
(k > i) a t  t h e  moment of t i m e  t + A t .  Then t h e  c o r r e l a t i o n  co- 
e f f i c i e n t  r i k  between Nk and N i  i s  c a l c u l a t e d  f o r  v a r i o u s  t i m e  
s h i f t s  A t  r e l a t i v e  t o  t. This method w a s  a p p l i e d  i n  p rocess ing  
t h e  r e s u l t s  of measurement by t h e  "ELEKTRON" sa te l l i t es .  

I EXPERIMENTAL PROCEDURE. Instrumentation. This  a r t ic le  pre-  
s e n t s  t h e  r e s u l t s  ob ta ined  on "ELEKTRON" s a t e l l i t e s  i n  1964 :  

I "ELEKTRON-2" from 31 Jan. t o  1 May, 
"ELEKTRON-3" from 1 J u l y  t o  1 7  September 
"ELEKTRON-4" from 11 J u l y  t o  11 October 

S a t e l l i t e  o r b i t  parameters ,  methods of o b t a i n i n g  informat ion  
and t h e  c h a r a c t e r i s t i c s  of r a d i a t i o n  d e t e c t o r s  are desc r ibed  i n  
[4 , 1 2 1  . The readings  mainly u t i l i z e d  w e r e  t h o s e  of d e t e c t o r s  
VF-1 ("ELEKTRON=3") and VS-1 ("ELEKTRON-2", "ELEKTRON-3", "ELEK- 
TRON-4" ) .  The VF-1 dev ice  i s  cons t i tu ted  of a N a I ( T 1 )  c r y s t a l  
of 4.7 an2 area s h i e l d e d  by 1 g/cm2 Al. The energy l i b e r a t i o n  
events r e g i s t e r e d  i n  t h e  c r y s t a l  w e r e  > 300 k e v .  The VS-1  device  
i s  an STS-5 gas-d ischarge  counter  s h i e l d e d  by 2.3g/cm2 Al. Ana- 
l y s i s  of t h e  exper imenta l  d a t a  shows t h a t  i n  t h e  r eg ion  of t h e  
o u t e r  r a d i a t i o n  b e l t  b o t h  d e t e c t o r s  r e g i s t e r  on ly  electron brems- 
s t r a h l u n g .  E l e c t r o n s  w i t h  E e  % 1 0 0 - 2 5 0  kev are t h e  main cont r ibu-  
tors  t o  t h e  VS-1 count  and e l e c t r o n s  wi th  E e  2, 4 0 0 - 8 0 0  kev t o  

t h e  VF-1 count .  Reading v a r i a t i o n s  of VS-1 and VF-1 counters  
i n  t h e  same reg ions  of t h e  L-space are v a r i a t i o n s  i n  t h e  i n t e n -  
sity o f  electross w i t h  energies  of 100-250 kev and above 4GO k e v .  
Using t h e  r a t i o  N ( V F - 1 ) / N  (VC-1) , count ing ra tes  of t h e s e  devices  
on "ELEKTRON-3" make it p o s s i b l e  t o  o b t a i n  d a t a  on t h e  spectrum 
of e l e c t r o n s  wi th  E, > 1 0 0  k e v .  

D a t a  Normalizat ion.  All t h e  d a t a  w e r e  p l o t t e d  i n  L-, V-co- 
o r d i n a t e s .  When ana lyz ing  t h e  d a t a  of s a t e l l i t e  "ELEKTRON-3", 
w e  u t i l i z e d  t h e  r e s u l t s  obtained by it i n  i d e n t i c a l  f l i g h t s  
th rough t h e  o u t e r  b e l t .  Then, t h e  v a r i a t i o n s  i n  d e t e c t o r  count ing 
ra te  on f i x e d  L- she l l s  w e r e  i n v e s t i g a t e d .  T o  e l i m i n a t e  v a r i a t i o n s  
due t o  t h e  s p a t i a l  e lectron d i s t r i b u t i o n ,  a l l  d e t e c t o r  readings  
w e r e  reduced t o  t h e  minimum l a t i t u d e  @min a t  which t h e  s a t e l l i t e  
c r o s s e d  t h e  a s s igned  d r i f t  s h e l l  according t o  t h e  r e l a t ion :  

where x is  t h e  a l t i t u d e  e f f e c t  as a f u n c t i o n  of L. According 
t o  the-data  of numerous experiments,  i n c l u d i n g  those  c a r r i e d  o u t  
on t h e  "ELEKTRON~~ s a t e l l i t e s  1 4 1 ,  r e l a t i o n  (1) i s  a p p l i c a b l e  i n  
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F ig .  I 

the 0' < @ < 50' l a t i t u d e  
range wi th  the excep t ion  of 
s h o r t  t i m e  in te rva ls  fo l lowing  
t h e  nonad iaba t i c  d i s t u r b a n c e s  
i n  t h e  b e l t .  The q u a n t i t i e s  
x used i n  s c a l i n g  t h e  i n t e n s i -  
t ies  r e p r e s e n t  t h e  mean v a l u e s  
of  t h e  index  of t h e  i n s t a n t e -  
neous a l t i t u d e  e f f e c t  of elec- 
t r o n s  wi th  E e  > 1 0 0  kev. The 
ins t an tenous  a l t i t u d e  e f f e c t  
w a s  ob ta ined  i n  more than  30 
cases on t h e  b a s i s  of s imul t a -  
neous measurements of t h e  coun- 
t i n g  ra tes  of  VS-1 dev ices  on 
"ELEKTRON-3" and "ELEKTRON-4 
s a t e l l i t e s  which i n t e r s e c t e d  
t h e  same L-she l l  a t  s u b s t a n t i -  
a l l y  d i f f e r e n t  l a t i t u d e s  ( A @  % 

% 30-40'). The q u a n t i t i e s  x 
on t h e  i n v e s t i g a t e d  L- she l l s ,  
as  w e l l  as t h e  l a t i t u d e  ranges 
i n  which use  w a s  made of sa te l -  

- 

l i tes  "ELEKTRON-2" and "ELEKTRON-4" d a t a  f o r  s tudy ing  e l e c t r o n  
v a r i a t i o n s ,  are shown i n  Table I.  I t  fo l lows  from t h e  l a t t e r  
t h a t  t h e  maximum c o r r e c t i o n  value does n o t  exceed 70%, owing t o  
which t h e  r educ t ion  o f  t h e  da t a  t o  Q m i n  does n o t  e s s e n t i a l l y  d i s -  
t o r t  t h e  n a t u r e  of temporal  i n t e n s i t y  dependence. 

P r e c i s i o n  of Measurements. Under t h e  cond i t ions  of t h e  ex- 
p e r i m e ~ t ,  sa te l l i t es  "ELEKTRON-2" and "ELEKTRON-3" covered AL % 

% 0 . 1  i n  a two-minute averaging c y c l e  and AL % 0 . 4  i n  an 8 minute 
one. During t h e  averaging cyc le  t i m e  "ELEKTRON-3" covered AL % 0 . 2 .  
With a two-minute averaging on "ELEKTRON-2" and "ELEKTRON-4", t h e  
i n t e n s i t y  on t h e  a d j a c e n t  cyc le s  d i f f e r r e d  by 1 0 %  and wi th  an 
e ight -minute  averaging by 4 0 % .  O n  "ELEKTRON-3" t h e  i n t e n s i t y  on 
t h e  a d j a c e n t  c y c l e s  d i f f e r r e d  by 20%.  

TABLE I .  

OBSERVATION OF TEMPORAL INTENSITY VARIATIONS OF ENERGETIC 
ELECTRONS I N  THE OUTER BELT. F ig .  I shows t h e  temporal i n t e n s i t y  
v a r i a t i o n s  of e l e c t r o n s  r e g i s t e r e d  by t h e  VS-1 on L = 4 . 0 ;  4.5; 5.0; 
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Fig .  2 

6 .0  according t o  d a t a  of "ELEKTRON-4". 
It fol lows from Fig.1,  tha t  the r e l a t i o n -  
s h i p  between t h e  i n t e n s i t y  of  e l e c t r o n s  
wi th  E, > 1 0 0  kev  and t h e  Kp-index is  
n o t  ev iden t .  The temporal i n t e n s i t y  de- 
pendences d i f f e r  by t h e i r  n a t u r e  on each 
L. I t  may be seen t h a t  i n  t h e  m a j o r i t y  
of cases  measurements of t h e  i n t e n s i t y  
of e l e c t r o n s  w i t h  E, > 1 0 0  kev on t h e  
i n v e s t i g a t e d  L - s h e l l s  do n o t  t a k e  p l a c e  
s imultaneously whereupon t h e  v a r i a t i o n s  
on L = 4 .0  l a g  re la t ive t o  t h e  v a r i a t i o n s  
on L = 6 . 0  - 5.0.  

The m o s t  t y p i c a l  i n t e n s i t y  v a r i a t i o n s  
i n  e l e c t r o n s  wi th  E, > 1 0 0  kev, s h i f t e d  
i n  t i m e  on va r ious  L- she l l s ,  are marked 
i n  Fig. 1 wi th  dashed l i n e s .  The corre- 
l a t i o n  method w a s  a p p l i e d  i n  o r d e r  t o  
make more p r e c i s e  t h e  temporal r e l a t i o n -  
s h i p  between t h e  v a r i a t i o n s  i n  e l e c t r o n s  
with E, > 1 0 0  k e v  i n  t he  va r ious  reg ions  
of t h e  o u t e r  b e l t .  C o r r e l a t i o n  c o e f f i -  
c i e n t s  r i k  between t h e  count ing  ra tes  of 
t h e  V S - 1  dev ice ,  w e r e  computed f o r  each 
Li = i and Lk = k p a i r  of L-she l l s  f o r  
var ious  t i m e  s h i f t s  A t .  The dependence 

of  r i k  on A t  is  shown i n  Fig.2.  I t  can be seen  t h a t  t h e  rik va lue  
maximum i s  reached on t h e  m a j o r i t y  of curves  f o r  a s p e c i f i c  va lue  
of  A t  dependent on L i  and Lk (Table  2 ) .  

To v e r i f y  whether o r  n o t  t h e  peaks on 
t h e  cu rve  of r i k  dependence A t  are a conse- 
quence of p e r i o d i c i t y  of e l e c t r o n  v a r i a t i o n  
i n  t h e  o u t e r  b e l t ,  w e  have i n v e s t i g a t e d  t h e  
dependence of t h e  a u t o c o r r e l a t i o n  c o e f f i -  
c i e n t  r i i  on A t . .  The d a t a  of t h e  a n a l y s i s  
f o r  L = 4,5,6 are p l o t t e d  i n  F i g .  3 .  I t  
may be seen  t h a t  t h e  v a r i a t i o n s  of e l e c t r o n  
on L- she l l s  have no d e f i n i t e  per iod .  

Therefore ,  conclus ion  can be de r ived  
f r o m  F ig .  2 and Table 2 t h a t  t he  i n t e n s i t y  
var ia t ions  o f  e l e c t r o n s  wi th  E, > 1 0 0  k e v  
on L = 4 . 0  l a g  by 'L 5 days re la t ive t o  va- 
riations i:: c l e c t r ~ n  i n t e z c i t y  en the o u t e r  
L - she l l s .  This  s y s t e m a t i c  l ag  can be ex- 
p l a i n e d  by t h e  d r i f t  of e l e c t r o n s  across t h e  

U 2 4 6 B l U  

Fig. 3 

L-she l l s .  According 
t o  Frank [ 3 ]  t h e  dependence of d r i f t  v e l o c i t y  of e l e c t r o n s  wi th  
E, > 1 . 6  M e v  on parameter  L can be r ep resen ted  as: 

v = a~'. (2) 
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6,O - 
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I t  i s  shown i n  [ l o ]  t h a t  f o r  E, > 1 0 0  k e v  t h e  d r i f t  v e l o c i t y  
of  electrons does n o t  depend o n  energy. Consequently,  exp res s ion  
( 2 )  c a n  be a p p l i e d  a l so  t o  
by t h e  VS-1  d e t e c t o r .  The c o e f f i c i e n t  a can be c a l c u l a t e d  on t h e  
b a s i s  of t h e  d a t a  i n  Fig.2 by means of  Formula ( 2 ) .  The va lues  
o f  t h i s  c o e f f i c i e n t  a r e  compiled i n  Table 2 ,  f r o m  which it r e s u l t s  
t h a t  t h e  va lues  of a ob ta ined  f r o m  t h e  comparison of e l e c t r o n  i n -  
t e n s i t y  v a r i a t i o n s  on L = 6 . 0 - 4 . 0 ,  5.0-4.0, 4.5-4.0, are e q u a l  
w i t h i n  t h e  e r ror  l i m i t s .  
l a g  of var ia t ions  on L = 4 . 0  i s  due t o  e l e c t r o n  d i f f u s i o n  i n  t h i s  
r eg ion  of  t h e  o u t e r  b e l t .  The maxima of c o r r e l a t i o n  c o e f f i c i e n t  
rik a t  A t  = 0 i n  t h e  4.5 < L < 6 . 0  range show t h a t  t h e  s imultaneous 
v a r i a t i o n s  are t h e  most e s s e n t i a l  f o r  t h i s  reg ion  of t h e  o u t e r  b e l t .  

e l e c t r o n s  r e g i s t e r e d  i n  t h e  o u t e r  b e l t  

T h i s  confirms t h e  assumption t h a t  t h e  

A s h a r p  i n c r e a s e  of e l e c t r o n  d r i f t  v e l o c i t y  i n  t h e  4.5 < L < 6.0 
range can be understood if one cons ide r s  t h a t  a s imultaneous elec- 
t r o n  a c c e l e r a t i o n  up t o  energ ies  of t h e  o r d e r  of several hundred 
kev t a k e s  p l a c e  i n  t h i s  r eg ion  of t h e  o u t e r  b e l t .  On t h e  b a s i s  of 
t h e  d a t a  of F ig .2  it may be assumed t h a t  i n s t an taneous  a c c e l e r a t i o n  
can ac t  up t o  a c e r t a i n  d r i f t  s h e l l  comprised i n  t h e  4.5 < L < 5.0 
range. A d i f f u s i o n  wave, whcse velecity i s  dete,lnined by expres- 
s i o n  ( 2 ) ,  p ropagates  from t h i s  L-she l l  toward t h e  Ear th .  This  i n s -  
t an teneous  a c c e l e r a t i o n  mechanism i s  n o t  y e t  c l a r i f i e d .  I t  should 
be no ted  t h a t  t h e  dec rease  i n  t h e  d r i f t  v e l o c i t y  of e l e c t r o n s  wi th  
E, < 1 0 0  k e v  r e s u l t s  i n  some p e c u l i a r i t i e s  i n  t h e  n a t u r e  of t h e  
c o r r e l a t i o n  curves  shown i n  F i g . 2 .  
(E, CL 30-50 k e v )  are r e g i s t e r e d  on L = 6 . 0  wi th  l o w  e f f e c t i v e n e s s  
and t h e i r  d r i f t  t i m e  up t o  L = 4 i s  cons iderably  longer  than 5 days. 
On L = 4 . 0  t h e  energy of these e l e c t r o n s  w i l l  exceed 1 0 0  k e v  and 
t h e  e f f e c t i v e n e s s  of t h e i r  r e g i s t r a t i o n  w i l l  s h a r p l y  i n c r e a s e  wi th  

Thus, e l e c t r o n s  wi th  Ee < 1 0 0  kev 

t h e  r e s u l t i n g  sp read ing  of t h e  rik maximum toward-the s i d e  of  
h igh  A t .  

There fo re ,  it becomes p o s s i b l e  t o  e x p l a i n  t h e  d i s r u p t i o n  i n  
t h e  monotony of t h e  drop a f t e r  t h e  maximum has  been reached and 
t h e  p re sence  of  " p r o t r u s i o n s "  on t h e  curves f o r  t h e  c o r r e l a t i o n  
c o e f f i c i e n t  r-k by comparing t i le  i n t e n s i t i e s  oi eiecii-oiis wii d r i f t  
s h e l l s  wi th  L = 6.0-5.0, 6.0-4.5, 6 . 0 - 4 . 0 ,  5.0-4.5 etc.  

VARIATIONS O F  ELECTRONS WITH E e  > 1 0 0  K E V  AT H I G H  GEOMAGNETIC 
LATITUDES. I n t e n s i t y  v a r i a t i o n s  of e l e c t r o n s  wi th  E, > 100  kev 
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and ;> 4 0 0  kev  w e r e  i n v e s t i g a t e d  i n  t h e  
4 5  - 55" geomagnetic l a t i t u d e  r eg ion  
wi th  the  a i d  of s a t e l l i t e  "ELEKTRON-3". 
Analysis  of  VS-1 d a t a  shows t h a t  a t  l a t i -  
tudes  45 - 55O and i n  t h e  v i c i n i t y  of t h e  
equa to r  t h e  n a t u r e  of i n t e n s i t y  v a r i a t i o n  
of e l e c t r o n s  wi th  E, > 1 0 0  kev i s  essen-  
t i a l l y  t h e  same.. Fig.4 shows t h e  connect ion 
between t h e  count ing r a t e s  of d e t e c t o r  VS-1 
on s a t e l l i t e s  "ELEKTRON-3" a d "ELEKTRON-4" 
w i t h  an  accuracy of up t o  3 h r s  f o r  t h e  
same i n s t a n t  of t i m e .  E l ec t ron  i n t e n s i t y  
v a r i a t i o n s  on L = 6 . 0 ;  5.0 and 4 .0  w e r e  
i n v e s t i g a t e d  and t h e  c o r r e l a t i o n  c o e f f i -  
c i e n t  was c a l c u l a t e d  between t h e  count ing  
ra tes  of t h e  device  on t h e  upper and t h e  
l o w e r  s a t e l l i t e .  C a l c u l a t i o n s  show t h a t  
t h e  c o r r e l a t i o n  c o e f f i c i e n t  i s  0.88 on 
L = 6 . 0 ,  0 . 9 6  on L = 5.0,  and 0 . 8 8  on L =4 .0  
The high va lues  of t h e  c o e f f i c i e n t  r and 
t h e  o b l i q u i t y  of t h e  r e g r e s s i o n  l i n e ,  which 
i s  close t o  45O, make it p o s s i b l e  t o  con- 
s i d e r  t h a t  i n  t h e  reg ion  of high geomagne- 
t i c  l a t i t u d e s  i n t e n s i t y  v a r i a t i o n s  i n  elec- 
t r o n s  with E, > 1 0 0  k e v  a r e  due t o  e l e c t r o n  
d i f f u s i o n  across magnetic s h e l l s  and t o  
in s t an taneous  a c c e l e r a t i o n .  Apparent ly ,  

some degree  of dec rease  i n  r on L = 6 . 0  and 4 . 0  i s  connected w i t h  
t h e  v a r i a t i o n  i n  p a r t i c l e  acgu la r  d i s t r i b u t i o n  wi th  l a t i t u d e  dur ing  
v a r i o u s  geomagnetic d i s tu rbances .  

DIRECT OBSERVATION O F  D I F F U S I O N  WAVES. During measurements 
on s a t e l l i t e  "ELEKTRON-3" s e v e r a l  cases of formation and propa- 
g a t i o n  of a d i f f u s i o n  wave of  e l e c t r o n s  wi th  E, > 1 0 0  k e v  w e r e  
d e t e c t e d .  Two such cases a r e  shown i n  Fig.5 and 6 .  F ig .5  a and b 
show t h e  success ive  i n t e n s i t y  p r o f i l e s  of e l e c t r o n s  wi th  E, > 1 0 0  k e v  

( V S - 1  dev ice )  and > 4 0 0  k e v  (VF-l-device) i n  t h e  o u t e r  b e l t  from 
August 4 - 1 1 ,  1 9 6 4 .  For  August 4 t h e  e l e c t r o n  i n t e n s i t y  p r o f i l e s  
cor respond t o  unper turbed  state of t h e  b e l t .  A magnetic storm wi th  
sudden commencement w a s  r e g i s t e r e d  f r o m  August 4 t o  6 .  During t h e  
magnet ic  storm a s u b s t a n t i a l  decrease  i n  e lectron i n t e n s i t y  occurred  
i n  t h e  b e l t  as may be seen  by t h e  curves of Fig.4 f o r  August 5-6. 
Fig .4  shows t h a t  t h e  s t r o n g e s t  v a r i a t i o n s  took p l ace  f o r  e l e c t r o n s  
w i t h  E, > 400 kev. Thus, i n t e n s i t y  dec rease  i n  e l e c t r o n s  wi th  
E, > 4 0 0  kev  w a s  d e t e c t e d  up t o  L ?/ 3.3,  and f o r  e l e c t r o n s  wi th  
E, > 1 0 0  kev t o  L 'L 4 . 5 ,  whereupon, on August 5 electrur is  with 
E, > 4 0 0  k e v  were g e n e r a l l y  absent  on L % 5.0.  On August 6 ,  t hey  
appeared i n  t h e  L 'L 4.8 region and by August 7 a second i n t e n s i t y  
m a x i m u m  of e l e c t r o n s  wi th  E, > 4 0 0  k e v  was formed i n  t h e  v i c i n i t y  
of L % 5.0. For e l e c t r o n s  with E, > 400  k e v  t h e  double-humped b e l t  
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und i s tu rbed  b e l t .  On August 6 t h e  e l e c t r o n  spectrum w a s  i d e n t i c a l  
i n  t h e  L & 4 . 8  r e g i o n ,  which corresponds t o  t h e  s imultaneous appearance 
of e l e c t r o n s  wi th  E, > 4 0 0  k e v  i n  a l l  t h i s  reg ion .  

Fig.5b shows t h a t  dur ing  t h e  i n v e s t i g a t e d  pe r iod  t h e  i n n e r  
edge of t h e  second maximum of e l e c t r o n s  wi th  E, > 400  k e v ,  as w e l l  
as t h e  d i p  between t h e  f i r s t  and t h e  second maximum, s h i f t e d  to-  
ward t h e  s i d e  of t h e  smaller L. This i s  m o r e  c l e a r l y  n o t i c e a b l e  
i n  F i g . 5 ~  which shows t h e  dynamics of t h e  m a x i m u m  of a d d i t i o n a l  

shape w a s  observed up 
t o  August 11 when a re- 
c u r r e n t  d i s tu rbance  took 
p l a c e  i n  t h e  geomagnetic 
f i e l d .  

L e t  u s  no te  t h a t  
from August 6 t o  11 t h e  
i n t e n s i t y  maximum of elec- 
t r o n s  wi th  E, > 1 0 0  k e v  
was a l so  l o c a t e d  on L % 5 . 0  
and t h a t  t h e  i n t e n s i t y  of  
t h e s e  e l e c t r o n s  on L % 5.0 
was c o n s t a n t  wi th  t h e  ex- 
c e p t i o n  of August 6-7.  
The i n t e n s i t y  of e l e c t r o n s  
w i t h  E, > 4 0 0  k e v  i n  t h e  
r eg ion  of t h e  second maxi- 
mum i n c r e a s e d  from August 
6 t o  11. The r a t i o  of  
count ing rates of VF-1 and 
VS-1  dev ices  is  

N ( V F - 1 ) -  50 

N ( V S - 1 ) -  -25 
m =  

where 50 sec-' and 2 5  sec'' 
are t h e  background count ing 
r a t e s  r e s p e c t i v e l y  f o r  VF-1  
and VS-1; it al lows a rough 
estimate of t h e  spectrum o f  
e l e c t r o n s  wi th  E, > 1 0 0  k e v  
i n  t h e  o u t e r  b e l t .  The va- 
l u e  of  m f o r  t h e  i n v e s t i g a -  
t e d  per rod  i s  shown i n  Fig.5. 
I t  can be seen  t h a t  on August 
5 t h e  e l e c t r o n  spectrum w a s  
s o f t e r  than p r i o r  t o  t h e  m a g -  
n e t i c  s t o r m ;  it became har- 
der wi th  c i m e ,  approaching 
t h e  electron spectrum of  t h e  
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Fig .  6 

e l e c t r o n s ,  having made t h e i r  
appearance on August 6 .  The 
cu rves  of F i g . 5 ~  were obta ined  
by s u b t r a c t i n g  t h e  i n t e n s i t y  
of e l e c t r o n s  wi th  E, > 4 0 0  kev 
r e g i s t e r e d  on August 5 from t h e  
d a t a  of  t h e  fol lowing days.  I t  
can  be seen t h a t  t h e  p o s i t i o n  
of t h e  maximum of a d d i t i o n a l  
e l e c t r o n s  v a r i e d  by AL % 0.2,, 
whi le  t h e  i n n e r  edge and t h e  
gap w e r e  d i s p l a c e d  by OL Q 0 . 4 .  
This  inward mot ion  can be con- 
nec ted  wi th  e lectron d i f f u s i o n  
from L = 4.7-4.8 toward t h e  
Ear th .  A s  may be seen from 
Fig .5b ,c ,  t h e  t w i s t i n g  of t h e  
l ead ing  e l e c t r o n  "wave" f r o n t  
confirms a decrease  i n  p a r t i c l e  
d i f f u s i o n  v e l o c i t y  wi th  decrease  
of L .  F ig .5a  shows t h a t  t h e  i n -  
n e r  edge of t h e  p r o f i l e  of elec- 
t r o n s  wi th  E > 1 0 0  k e v  w a s  d i s -  
p laced  from gugust  7 t o  11 by 
AL 'L 0.35 .  These d a t a  are n o t  
i n  c o n t r a d i c t i o n  wi th  t h e  re- 
s u l t s  of t h e  s t a t i s t i c a l  ana- 
l y s i s .  

Another case of e l ec t ron  d i f f u s i o n  wave propagat ion w a s  regis- 
t e r e d  from August 7 t o  13 .  Fig.Gb,a shows t h e  success ive  p r o f i l e s  
of  t h e  count ing  ra te  of V F - 1  and V S - 1  dev ices  f o r  t h e  i n v e s t i g a t e d  
p e r i o d .  The measurements show t h a t  as a consequence of t h e  magne- 
t i c  storm of  August 7 ,  t h e  i n t e n s i t y  of  e l e c t r o n s  wi th  E, > 4 0 0  k e v  
on L % 3.5 w a s  by t w o  o r d e r s  l o w e r  than  b e f o r e  t h e  storm. Decrease 
i n  i n t e n s i t y  by a f a c t o r  of 5-10 w a s  also d e t e c t e d  on L Q 4.5 wi th  
r e s p e c t  t o  electrons w i t h  E, > 1 0 0  k e v .  A s  i s  shown i n  Fig.Gc, on 
August 7 the e l e c t r o n  spectrum was a l s o  cons iderably  s o f t e r  t han  on 
und i s tu rbed  days.  D a t a  f o r  September 8 and 9 are absen t  and t h i s  
i s  why, t h e  e l e c t r o n  behavior  i n  t h e  o u t e r  b e l t  could n o t  be t r a c e d .  
I n t e n s i t y  p r o f i l e s  of e l e c t r o n s  w i t h  E e  > 1 0 0  k e v  and > 4 0 0  k e v  ob- 
t a i n e d  on September 1 0  immediately a f t e r  t h e  storm are shown i n  
F ig .6 .  
i n  F ig .6 ,  t h e  i n n e r  edge of  e l e c t r o n  i n t e n s i t y  p r o f i l e  f r o m  Septem- 
b e r  1 0  t o  1 3  i s  s y s t e m a t i c a l l y  d i s p l a c e d  toward t h e  s i d e  of smaller 
L and t h e  b e l t  g r a d u a l l y  takes  i t s  usua l  shape. This  inward motion 

t h e  storm t h e i r  i n t e n s i t y  had g r e a t l y  decreased and t h e  b e l t  w a s  
v i r t u a l l y  formed anew by t h e  propagat ing  e l e c t r o n  wave. I n  t h r e e  
days t h e  i n n e r  edge of t h e  i n t e n s i t y  p r o f i l e  of e l e c t r o n s  wi th  
E, > 4 0 0  k e v  w a s  d i s p l a c e  AL % 0.5,  which corresponds t o  t h e  
p ropaga t ion  of e l e c t r o n  d i f f u s i o n  a t  a v e l o c i t y  determined by for- 

The maximum of  t h e  b e l t  occurs  on 2 Q 5.0. A s  may be seen  

&.-'-- 
A d  e s p e c i a l l y  cyidefit for e-jectrcTls w i t h  Ee i irnii kev UL 111% 

- 



10 

m u l a  ( 2 )  w i th  a = 3.3-10-7 R~aday-'. 

Comparison of t h e  d a t a  of Figs.5 and 6 m a k e s  it p o s s i b l e  
t o  conclude t h a t  i n  both cases  t h e  displacement  of t h e  i n n e r  
edge of t h e  i n t e n s i t y  p r o f i l e  of e l e c t r o n s  wi th  E, > 4 0 0  k e v  
occu r s  i n  t h e  4 . 2  < L < 4 . 8  range a t  a d i f f u s i o n  wave v e l o c i t y  
determined by r e l a t i o n  ( 2 ) .  Moreover, dur ing  t h e  d i f f u s i o n  wave 
format ion  t h e r e  t a k e s  p l a c e  a p rocess  of i n s t an taneous  accele- 
r a t i o n  of e l e c t r o n s  wi th  E, > 1 0 0  k e v  up t o  e n e r g i e s  of t h e  
o r d e r  of  several hundred kev,  w h i l e  i n  t h e  L > 4.5 r eg ion  t h e  
spectrum of e l e c t r o n s  wi th  E, > 1 0 0  k e v  i s  i d e n t i c a l .  Some d i f -  
f e r e n c e s  i n  t h e  i n v e s t i g a t e d  examples can be exp la ined  by t h e  
vary ing  degree  of  t h e  e f f e c t  of magnetic d i s t u r b a n c e s  on t h e  
o u t e r  r a d i a t i o n  b e l t  on August 4-6 and September 6-10 .  

DISCUSSION O F  THE RESULTS. Measurements c a r r i e d  o u t  on 
"ELEKTRON" s a t e l l i t e s  make i t  p o s s i b l e  t o  e s t a b l i s h  an i n t e r r e -  
l a t i o n  between t h e  i n t e n s i t y  v a r i a t i o n s  of e l e c t r o n s  wi th  Ee  > 100 
k e v  i n  d i f f e r e n t  r eg ions  of t h e  o u t e r  r a d i a t i o n  b e l t .  E l e c t r o n  
i n t e n s i t y  v a r i a t i o n s  on t h e  L = 4 . 0  l a g  s y s t e m a t i c a l l y  w i t h  
r e s p e c t  t o  i n t e n s i t y  v a r i a t i o n s  i n  t h e  4.5 < L 6 . 0  range.  A s  
i s  made e v i d e n t  by s t a t i s t i c a l  a n a l y s i s ,  t h e  l a g  t i m e  A t  between 
v a r i a t i o n s  on L = 5.0 and on L = 4 . 0  i s  % 5-6 days.  I n  a number 
of  cases, e s p e c i a l l y  fo l lowing  magnetic d i s t u r b a n c e s ,  t h e  i n n e r  
edge o f  t h e  i n t e n s i t y  p r o f i l e  of e l e c t r o n s  w i t h  Ee > 1 0 0  k e v  and 
> 4 0 0  kev was d i s p l a c e d  from L % 4.7-4.8 t o  L % 4 . 0 .  

The t i m e  l a g  between i n t e n s i t y  v a r i a t i o n s  of  e lectrons on 
L = 4 .0  and L = 4.5-6.0, as wel l  a s  t h e  displacements  of t h e  
i n n e r  edge o f  t h e  e l e c t r o n  i n t e n s i t y  p r o f i l e  toward t h e  s i d e  of 
s m a l l e r  L ,  s e e m  t o  be tne man i fe s t a t ion  of one and the same pro- 
cess, namely t h e  r a d i a l  d i f f u s i o n  of e l e c t r o n s  wi th  E, > 1 0 0  k e v  
i n  t h e  L < 5.0 reg ion .  The obta ined  r e s u l t s  al lowed a rough 
estimate of e l e c t r o n  d r i f t  v e l o c i t y .  T h u s ,  f o r  L * 4 . 4 ,  ? = 
= 0 . 2  R ~ a d a y - ' .  A t  t h e  same t i m e  i t  w a s  assumed t h a t  t h e  par -  
t i c l e  d r i f t  v e l o c i t y  v % L9 and f o r  E, > 1 0 0  k e v  it i s  independent  
o f  energy .  However, t h e  d i f f u s i o n  of e l e c t r o n s  cannot  e x p l a i n  
t h e  s i m u l t a n e i t y  of  e l e c t r o n  i n t e n s i t y  v a r i a t i o n s  i n  t h e  4.5 < L < 6 . 0  
range n o r  t h e  i d e n t i t y  of t h e  spectrum of e l e c t r o n s  w i t h  E, > 100 k e v  
i n  t h e  L > 4.5 reg ion  fol lowing magnetic d i s t u r b a n c e s .  This can 
be e x p l a i n e d  by t h e  p rocess  t e n t a t i v e l y  c a l l e d  in s t an taneous  ac- 
c e l e r a t i o n  or  d e c e l e r a t i o n .  Therefore ,  a l l  e l e c t r o n  var ia t ions  
r e s u l t i n g  i n  t h e  formation of  t h e  o u t e r  b e l t  can be exp la ined  on 
t h e  b a s i s  of t h r e e  p r o c e s s e s ,  namely r a d i a l  d i f f u s i o n ,  and i n s t a -  
taneous  a c c e l e r a t i o n  and d e c e l e r a t i o n ,  whose sphe res  of  actions 
can be s e p a r a t e d .  

L e t  u s  i n v e s t i g a t e  t h e  r e s u l t s  of  measurements on "ELEKTRON" 
s a t e l l i t e s  on t h e  b a s i s  of  t he  f i v e  p rocesses  proposed by McIllwain 
[ 8 1 .  F i g . 1  shows t h a t  i n  t h e  i n v e s t i g a t e d  L range no exponen t i a l  
d e c r e a s e  of e lec t rons  w i t h  E, > 1 0 0  k e v  i s  observed. This  was t o  
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be expec ted ,  s i n c e  on L > 4 t h e  e l ec t ron  d i f f u s i o n  t i m e  i s  
cons iderably  s h o r t e r  (% 6 days) t han  t h e  exponen t i a l  dec rease  
c o n s t a n t  (% 1 6  d a y s ) .  A d e t a i l e d  i n v e s t i g a t i o n  of t h e  d a t a  
d i d  n o t  y i e l d  any s a t i s f a c t o r y  c o r r e l a t i o n  between e l e c t r o n  
i n t e n s i t y  and D, t -var ia t ions .  Rapid nonad iaba t i c  i n t e n s i t y  
i n c r e a s e s  and, e s p e c i a l l y ,  decreases  i n  e l e c t r o n s  wi th  E, > 4 0 0  
k e v  i n  t h e  o u t e r  b e l t  w e r e  observed a l so  i n  t h i s  experiment ,  
b u t  f o r  e l e c t r o n s  wi th  E, > 1 0 0  kev they  w e r e  r e l a t i v e l y  s l i g h t .  
P o s s i b l y ,  t h e  exp lana t ion  l i es  i n  t h e  f a c t  t h a t  t h e r e  w e r e  no 
s t r o n g  magnetic storms dur ing  t h e  ope ra t ion  of "ELEKTRON" sa te l -  
l i t e s ,  whi le  du r ing  measurements on s a t e l l i t e s  "Ex?LC.l?El?-l5" 
and "EXPLORER-26" storms w i t h  K p  % 8 were r e g i s t e r e d .  I t  may 
be no ted  t h a t  i n  September 1 9 6 4 ,  when t h e  magnetic d i s t u r b a n c e s  
i n  t h e  magnetic f i e l d  w e r e  s t r o n g e r  than i n  July/August,  t h e  
ampli tude of e l e c t r o n  i n t e n s i t y  v a r i a t i o n s  had somewhat i n -  
c r eased .  This  was e s p e c i a l l y  n o t i c e a b l e  i n  e l e c t r o n s  wi th  
E e  > 4 0 0  k e v .  

I n  h i s  s tudy  on t h e  v a r i a t i o n s  i n  e l e c t r o n s ' w i t h  E e  > 500  
k e v  o n  L = 3.6-3.8, McIllwain could conclude t h a t  as compared 
t o  b e t a t r o n  a c c e l e r a t i o n ,  r a d i a l  p a r t i c l e  d i f f u s i o n  i s  an e f f e c t  
of  second o r d e r  [81. However, t h i s  conclus ion  cannot  be a p p l i e d  
t o  t h e  whole o u t e r  r a d i a t i o n  zone, because,  according t o  t h e  
d a t a  o f  t h e  "ELEKTRON" sa te l l i t es ,  r ad ia l  d i f f u s i o n  i n  t h e  4 .0  < 
< L < 5.0 r eg ion  e x e r t s  an e f f e c t i v e  a c t i o n  on e l e c t r o n s  wi th  
E, > 1 0 0  k e v  and > 4 0 0  k e v .  I t  should  be noted ,  t h a t  McIllwain 
observed  r a p i d  nonad iaba t i c  v a r i a t i o n s  by t w o  o r d e r s  i n  t h e  whole 
o u t e r  r a d i a t i o n  zone no more o f t e n  than once i n  t w o  o r  t h r e e  
months du r ing  s t r o n g  magnetic storms. I t  may be cons idered  t h a t  
t h e s e  p r o c e s s e s  are very v i v i d  cases o f  i n s t an taneous  e l e c t r o n  
a c c e l e r a t i o n .  I t  i s  i n t e r e s t i n g  t o  compare t h e  d a t a  on e l e c t r o n  
d i f f u s i o n  available i n  l i t e r a t u r e  wi th  t h e  r e s u l t s  ob ta ined  on 
t h e  "ELEKTRON" s a t e l l i t e s .  To t h i s  and, i t  is convenient  t o  
compare c o e f f i c i e n t s  a which c h a r a c t e r i z e  t h e  d i f f u s i o n  of 
e l e c t r o n s  i n  t h e  o u t e r  b e l t .  

According t o  t h e  d a t a  o f  Frank ob ta ined  on "EXPLORER-14" 
i n  1962-1963 [ 3 ] ,  c o e f f i c i e n t  a = 4 . 6 0 1 0 - ~  RE-day-l. According 
t o  W i l l i a m s  [ 6 ]  f o r  e l e c t r o n s  w i t h  E e  > 1 . 2  Mev and E e  > 2 . 4  M e V ,  
a = 3.4-10-7  RE-day'' i n  t h e  second h a l f  of 1963. The r e s u l t s  
o b t a i n e d  on t h e  "ELEKTRON" s a t e l l i t e s  i n  1 9 6 4  y i e l d  a = 3 . 3 0 1 0 - ~  
RE.day-' f o r  e l e c t r o n s  w i t h  Ee > 1 0 0  k e v  and E, > 4 0 0  k e v  both  
by t h e  c o r r e l a t i o n  method and by d i r e c t  obse rva t ion  of d i f f u s i o n  
waves. According t o  t h e  McIllwain d a t a  [ 8 1 ,  a = 3 0 1 0 - ~  RE-day-' 
f o r  e l e c t r o n s  wi th  E, > 5 Mev i n  t h e  4 .0  > L > 3.4 range.  F i g . 1  
[8] shows also a tendency t o  i n t e n s i t y  v a r i a t i o n s '  l a g  i n  elec- 

w i t h  a t i m e  lag % 6 days ,  which does n o t  c o n t r a d i c t  t h e  above- 
mentioned r e s u l t s .  On t h e  basis of t h i s ,  it can be concluded 
t h a t  ra te  of  e l e c t r o n  d i f f u s i o n  i n  t h i s  req ion  of t h e  o u t e r  zone 
does n o t  depend on t h e  energy of t h e  e l e c t r o n  0.1-5.0 Mev range. 

trc,_n_.c; E, > gnr ,  C?" L = 4 ;n  3s compared to variatinns nn L! = >; I- 
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The values of a ob ta ined  on t h e  b a s i s  of  numerous e x p e r i -  
mental  d a t a  do n o t  c o n t r a d i c t  one ano the r .  During t h e  obser -  
v a t i o n s  on s a t e l l i t e  "ELEKTRON-3" of t h e  d i f f u s i o n  waves of  
e l e c t r o n s  wi th  E, > 4 0 0  kev, wave f r o n t  displacement  could  be 
d e t e c t e d  only up t o  L Q 4 . 0 .  This i s  due t o  t h e  f a c t  t h a t  i n  
t h e  L < 4 .0  r eg ion ,  t h e  e l e c t r o n  d r i f t  v e l o c i t y  decreases  and 
wave obse rva t ion  i n  t h i s  region r e q u i r e s  more t i m e .  However, 
r e c u r r e n t  d i s tu rbances  i n  t h e  E a r t h ' s  magnetic f i e l d  modif ied 
cons iderably  t h e  p a t t e r n  of d i f f u s i o n  wave propagat ion.  This  
c o n c e r n s ,  i n  p a r t i c u l a r ,  t h e  measurements c a r r i e d  o u t  i n  Sep- 
tember 1 9 6 4  on s a t e l l i t e  "KOSMOS-41" whose r e s u l t s  l e a d  t o  con- 
s i d e r a b l y  l o w e r  d i f f u s i o n  v e l o c i t i e s  of e l e c t r o n s  wi th  E > 1 . 6  
M e v  i n  t h e  o u t e r  b e l t  [13] .  The c l o s e s  estimates of e l e c t r o n  
d r i f t  v e l o c i t y  t o  experimental  r e s u l t s  w e r e  ob ta ined  i n  [ l o ] .  
From formula ( 1 8 )  of [lo] L = (100  A t ) ' / , ,  l i n k i n g  t h e  p o s i t i o n  
of t h e  l ead ing  e l e c t r o n  wave f r o n t  wi th  t i m e ,  i t  fo l lows  t h a t  
a t  d i f f u s i o n  c o e f f i c i e n t  D = 5*10-14 s e c ,  t h e  e l e c t r o n s  would 
d r i f t  from s h e l l  L = 5.0  t o  L = 4 . 0  i n  % 30 days.  This  i s  5-6 
t i m e s  more than  w a s  ob ta ined  on t h e  "ELEKTRON" sa te l l i t es  and 
i n  o t h e r  experiments .  Other t h e o r e t i c a l  e s t i m a t e s  u i e l d  even 
l o w e r  va lues  of d r i f t  ve loc i ty .  Appararent ly ,  t h i s  i s  due t o  
t h e  f ac t  t h a t  n o t  a l l  t h e  types of  geomagnetic d i s t u r b a n c e s  
caus ing  r a d i a l  p a r t i c l e  d i f f u s i o n  i n  t h e  magnetosphere have 
been t h e o r e t i c a l l y  i n v e s t i g a t e d .  Bes ides ,  numerous experimen- 
t a l  d a t a  show t h a t  t h e  t h e o r e t i c a l  estimates of e l e c t r o n  l i f e -  
t i m e  i n  t h e  o u t e r  b e l t  are exaggerated.  

The d a t a  of t h e  p r e s e n t  experiment are i n s u f f i c i e n t  f o r  a 
complete e l u c i d a t i o n  of t h e  d i f f u s i o n  mechanism of e l e c t r o n s  
wi th  E, > 1 0 0  k e v  i n  t h e  o u t e r  r a d i a t i o n  b e l t .  However, they 
make it p o s s i b l e  t o  asser t  t h a t  t r a n s p o r t  of  p a r t i c l e s  i s  due 
t o  r a d i a l  d i f f u s i o n  d i r e c t d  i n s i d e  t h e  magnetosphere and n o t  
t o  o r d i n a r y  d i f f u s i o n .  This  is c lear  from Fig.5 showing t h e  
i n t e n s i t y  i n c r e a s e  of e lec t rons  wi th  E, > 4 0 0  kev i n  t h e  maxi- 
m u m  on L = 3 . 8 .  I t  i s  i n t e r e s t i n g  t o  compare t h e  i n t e n s i t y  
v a r i a t i o n s  of pro tons  wi th  E p  > 1 Mev on L = 5.0 and 4 . 0  on 
t h e  b a s i s  of measurements c a r r i e d  o u t  by means of an n-p-detec- 
t o r  on "ELEKTRON-4". A s t a t i s t i c a l  a n a l y s i s  shows t h a t  t h e  
c o r r e l a t i o n  c o e f f i c i e n t  has  t w o  maxima: r i k  = 0.56 a t  A t  = 0 
and r i k  = 0 . 5 1  a t  A t  = 5 . 5  days. This  means t h a t  t h e  d i f f u s i o n  
rates of p ro tons  and e l e c t r o n s  are equa l .  The presence of a 
maximum a t  A t  = 0 may be l i nked  wi th  t h e  a d i a b a t i c  v a r i a t i o n s  
due t o  DSt- -var ia t ions  [ 1 4 1 .  

* * * THE END * * * 
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